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Abstract.: Hypersoft set (an extension of soft set) is a new mathemati- 
cal tool to tackle the inadequacy of soft set for attribute-valued sets. In 
this study, concept of bijective hypersoft set is proposed and some of its 
set theoretic operations like restricted-AND and relaxed-AND, are char- 
acterized. Moreover, new operations of bijective hypersoft set such as de- 
pendency, decision system, significance of decision system, reduced de- 
cision system and decision rules in decision system, are discussed with 
illustrated examples. A decision making algorithm and application are 
discussed with the support of these proposed operations. 
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Key Words: Soft set, Bijective soft set, Hypersoft set, Bijective hypersoft set, Bijective 


hypersoft decision system. 


1. INTRODUCTION 


In 1999, Molodtsov [19] developed a new structure known as soft set in literature to 
address the shortcoming of the existing structures (i.e. fuzzy set, intuitionistic fuzzy etc.) 
dealing with uncertain and vague data of information. He provided a strong basis for para- 
meterized interpretation of hesitant information through the introduction of this structure. 
Later on, Maji et al. [17] investigated different elementary essentials i.e. properties, set 
theoretic operations, laws and results of soft set for its further implementation in certain 
disciplines. In 2005, Pei et al. [22] illustrated the relational concept between soft sets and 
information systems. They confirmed the validity of the soft set as a parameterized family 
of special information system. The researchers Ali et al. [2], Babitha et al. [3, 4], Sezgin et 
al. [39], Ge et al. [6] and Li [16] studied soft set professionally and extended the concept 
with the introduction of certain new features i.e. restrictedness on operations, set relation 
and function. Saeed et al. [29] explored the concept of soft elements and soft members un- 
der soft set environment. Kamaciet al. [9, 10, 11, 12] developed bijective soft matrix theory 
with multi-bijective linguistic soft decision, investigated difference operations of soft ma- 
trices with applications in decision making system, introduced N-soft algebraic structures, 
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and discussed bipolar N-soft set theory with applications respectively. Petchimuthu et al. 
[23] made valuable discussion on the row-products of inverse soft matrices with application 
in multicriteria decision making. Many researchers [14, 5, 15, 21, 1, 43] expanded soft set 
theory with the development of soft-like hybrids to have useful results as well as utilization 
in decision making problems. Gong et al. [7] introduced the concept of bijective soft set 
and investigated its some properties. 

In 2018, Smarandache [40] developed a new structure hypersoft set (HSS) to adequate the 
soft set for multi attribute-valued functions. In 2020, Saeed et al. [30, 31] characterized 
the necessary basic axioms, properties, laws and set theoretic operations of HSS with the 
help of appropriate examples. In 2020, Rahman et al. [24, 25] enhanced the study of HSS 
to develop fuzzy-like structures with complex sets and also studied certain properties of 
convexity under HSS-environment. In 2021, Rahman et al. [26, 27, 28] studied decision 
making applications based on neutrosophic parameterized hypersoft Set, fuzzy parameter- 
ized hypersoft set and rough hypersoft set. Saeed et al. [32, 33, 34, 35] discussed decision 
making techniques for mappings on hypersoft classes, neutrosophic hypersoft mapping and 
complex multi-fuzzy hypersoft set. They also developed hypersoft graphs with some prop- 
erties. Ihsan et al. [8] investigated hypersoft expert set with application in decision making 
for the best selection of product. Yolcu et al. [41, 42] conceptualized the theories of fuzzy 
and intuitionistic fuzzy hypersoft sets with their employment in decision making. Ozturk 
et al. [20] introduced neutrosophic hypersoft topological spaces and discussed their impor- 
tant properties. Saqlain et al. [36, 37, 38] developed single and multi-valued neutrosophic 
hypersoft sets along with calculation of tangent similarity measure of single valued neutro- 
sophic hypersoft sets, characterized aggregate operators of neutrosophic hypersoft set and 
employed TOPSIS method for neutrosophic hypersoft sets using accuracy function with 
application. Martin et al. [18] investigated concentric plithogenic hypergraph based on 
plithogenic hypersoft sets. Kamaci [13] made very valuable research on the hybrid struc- 
tures of hypersoft sets and rough sets. 

In many real life situations, distinct attributes are further partitioned into disjoint attribute- 
valued sets. Decision makers may suffer some kind of inclination and penchant while 
ignoring such partitioning of attributes during the judgment. The existing soft set theory 
is not projected for such sets. Therefore a new structure demands its place in literature for 
addressing such impediment, so hypersoft set theory is conceptualized to tackle such situ- 
ations. This novel structure has increased the flexibility and reliability of decision making 
process. It not only addresses the inadequacy of existing soft-like structures for multi- 
argument approximate functions but also helps the decision makers to decide the matters 
with deep observation. In this study, a new type of hypersoft set, bijective hypersoft set 
(BHSS), is characterized which assigns the disjoint approximate sets to each tuple in the 
cartesian product of attribute-valued sets. Moreover, certain elementary properties are in- 
vestigated with supporting examples. A decision system is developed based on set theoretic 
operations of BHSS and is applied in decision making with illustrated example. 

The rest of the paper is organized as: 

In section 2, some fundamental definitions and terms are recalled from already published 
relevant literature, section 3 formulates the theory of bijective hypersoft set and its deci- 
sion system, section 4 proposes a decision-making algorithm with application for the best 
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selection of an appropriate product and finally, section 5 concludes the paper with future 
directions. 


2. PRELIMINARIES 


In this section, we present some basic terminologies for proper understanding of the 
proposed work. Throughout the paper, £( denotes the universe of discourse. 


Definition 1. [19] 
A pair (Cs, A) is called a soft set over LU, where Cs : A > P(L) and A be a set of attributes 
of LU. 


Definition 2. [17] 
A soft set (Cs, ,A1) is a soft subset of another soft set (Cs, , Ag) if 
(i) Ay © Ag, and 
(ii) ¢5,(w) C Cg, (w) for all w € Ay. 
Definition 3. [17] 
Union of two soft sets (¢s,,A1) and (¢s,, Ag) is a soft set (¢g,,A3) with Ag = Ay U Ag 
and for w € Az, 
Gs, (w) w € (Ay \ Ag) 
Css (w) >a C82 (w) We (Az \ Ay) 
Gsy(w) UCs,(w) — w € (ALN Ad) 
Definition 4. [17] 


Intersection of two soft sets (¢s,,Ai) and (¢s,,A2) is a soft set (¢s,,A3) with A3 = 
Ay, Ag and for w € Az, 


Ss (w) = Cs, (w) m Css (w) 
Definition 5. [17] 


AND operation of two soft sets (¢s,, A1) and (¢s,, Az), denoted by (¢s,, A1) A (Cs,, A2), 
is a soft set (Cs,, A3) with Ag = A, x Ag and for w € Az, 


Css (w) _ Cs (w) m Cas (w) 
For more details on soft set, see [19, 17, 22, 2, 3, 4, 39, 6, 16] 
Definition 6. [7] 
A soft set (Cs, A) is said to be a bijective soft set, if 


(i) UceaGs(€) =U 
(ii)For any two parameters €;,€; € A, 6; #€;, Cs(Ei) NCs(e;) = 9 


3. BIJECTIVE HYPERSOFT SET (BHS-SET) 


In this section, we start with definition of hypersoft set with example then we character- 
ize the theory of bijective hypersoft set. 


Definition 7. [40] 

The pair (%, G) is called a hypersoft set over U, where G is the cartesian product of n disjoint 
attribute-valued sets G1, G2, Gs, ...., Gn corresponding to n distinct attributes 91, g2, 93, ----; Gn 
respectively and § : G — P(L). The collection of all hypersoft sets is denoted by Q(.g). 
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Example 3.1. Suppose that Mr. Smith wants to buy a mobile from a mobile market. There 
are sixteen kinds of mobiles (options) which form the set of discourse 


U= {m1,M2,M3,M4,Ms5, Reese m6} 


. The best selection may be evaluated by observing the attributes i.e. g; = Camera Resolu- 
tion, go = storage, and g3 = Battery power. The attribute-valued sets corresponding to these 
attributes are: 

Gi = {911 912} 

Go = {921,922} 

G3 = {931,932} 

then G = G; x Go x G3 

G = {61, 62, 03, 64, ...--, 6g} where each 6;,7 = 1, 2,...,8, is a 3-tuple element. 

The hypersoft set (%, G) is given as 


(51, {m1, M2, Mg, M14, M16 }) ; (62, {m1,™M2,™M3,M19,™M12}) , 

(63, {m2, m3, Ma, Mg,7™13, M14}) , (d4, (Ma, M5, M6, M10, M15, M16}) , 
(5,9) = 4 (5, {m6, m7,mMg, M10, ™M12}) , (66, {M2,m3,M4,™M7,Mg}) , 

(67, {m1, M3, ™M5,™M6,Mg,7™M19,7M12, M14, M16}) , 

(dg, {m2, m3, ™Mg,M7,™Mg,™M11, 7713, M15 }) 
and tabular representation of (¥,G) is given in TABLE | where if m; € §(6;) then 1 
otherwise 0. 


~~ | Bi) _| Ba) | 505s) ] 0) | BUSs) | Be) | 80x) _] BOs) 
M4 1 1 0 0 0 0 1 0 
m2 1 1 1 0 0 1 0 1 
m3 0 1 1 0 0 1 1 1 
ma 0 0 1 1 0 1 0 0 
ms 0 0 0 1 0 0 1 0 
m6 0 0 0 1 1 0 1 1 
m7 0 0 0 0 1 1 0 1 
msg 0 0 0 0 1 0 1 0 
mg 1 0 1 0 0 1 0 1 
M10 0 1 0 1 1 0 1 0 
M41 0 0 0 0 0 0 0 1 
M12 0 1 0 0 1 0 1 0 
M43 0 0 1 0 0 0 0 1 
M14 1 0 1 0 0 0 1 0 
m15 0 0 0 1 0 0 0 1 
M16 1 0 0 1 0 0 1 0 


TABLE |. The table form of hypersoft set (%,G) 


Definition 8. A hypersoft set (¥, G) is said to be bijective hypersoft set if 
Gi) U F(6) =u 
6EG 
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(ii) For any two 6;,6; € G,d; 4 6;, &(d;) N F(4;) = 9 
Alternatively, a mapping § : G — P() can be transformed to a bijective function § : 
G — Pi, where P; C P(LM) having disjoint sets F¥(e;) as elements. The collection of all 
bijective hypersoft sets over Ll is denoted by Qgpr sg. 


Example 3.2. Consider Example 3.1, we have bijective hypersoft set 


_ (61, {m1, m2}) ) (62, {m: ,™m0}) , (6 ,{ma,m44}) ’ (04, {m: >My }) ’ 
CO Re eee Ole ay aime met | 


and its tabular representation is given in TABLE 2. 


se &(d1) | F(a) | Fla) | Fs) | Kl45) | Fle) | FlO7)__| Fs) 
m4 1 0 0 0 0 0 0 0 
me 1 0 0 0 0 0 0 0 
m3 0 1 0 0) 0 0) 0 0 
ma 0 0 1 0 0 0 0 0 
ms 0 0 0 1 0 0 0 0 
me 0 0 0 0 1 0 0 0 
m7 0 0 0 0 0 1 0) 0 
meg 0 0 0 0 0 0 1 0 
mg 0 0 0 0 0 1 0 0 
m10 0 1 0 0 0 0 0 0 
m1 0 0 0 0 0 0) 0 1 
m2 0 0 0 0 1 0 0 0 
m13 0 0 0 0 0 0 0 1 
m4 0 0 1 0 0 0 0 0 
M15 0 0) 0 1 0 0 0 0 
m16 0 0 0 0 0 0 1 0 


TABLE 2. The table form of bijective hypersoft set (, G) 


Definition 9. AND operation of two hypersoft sets (%1,G1) and (¥2,G2), denoted by 
(¥1,91) A\(®2, Ga), is a hypersoft set (F3,G3)) with Gs = G1 x Go and for 6 € Gs, 

53(4) = $1 (6) 1 Fa(4) 
Theorem 3.3. If (§1,H1), (S2, H2) € Qeuss then (81, H1) A (Fe, H2) € OBuss 
Proof. According to Definition 9, we have 


($1, Hi) A (82,2) = (83,73), where Hz = Hy x Ho and §3(hi,h2) = Fi(hi) 
§2(h2), V (hi, he) € Hz. Consider ¢ € Hz is a parameter of (%3, 3) then 


B3(€) = Bi (A1) N Fe (ha) 


U Ble) = UU Bi (1) N82 (he) = U Silk) | Ui &e (he) 


e€He2 hi EH he2€He2 hie€Hy (.u, 


U Ril) Ua Ue. Let ej, €; € He, 6; F €5,€; = a1 x Bi, a1 € M1, Ai € Ha, €; = 
hyEHy 
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Q2 X B2,Q2 € Hy, Bo © He. Then 
$a(Ei) ( }Fa(E;) = (B1(a1) (Fo) ( \(B1(a2) ( ] Fo(2)) = 0. 
Hence (33, H3) = (81,1) A(®2, H2) is a bijective hypersoft set. 


Definition 10. A hypersoft set (%,G) is called a null hypersoft set, denoted by (¥,G)a, if 
(6) = 0, for all 6 € G. 


Definition 11. Union of two hypersoft sets (§1,G1) and (%2,G2) , denoted by (¥1, G1) U 
(¥2, Ga), is a hypersoft set (%3,G3) with Gs = Gi U Go and for 6 € Gs, 


31(d) 5 € (Gi \ Go) 
$3(0) = rae 6 € (G2\ G1) 
S1 


6) U 2(d) 5 € (G1 Ga) 
Theorem 3.4. If (8, H) € Opuss then (¥,H) U (8, H)e € Opuyss. 


Proof. Let (§,H)e = (®e, H1), then from Definition 10 and Definition 11, we have 
(¥2, H2) = (5, H) U (Fe, H1) 


B(€) s©e€H-H, 
- a(e) =0 5€€ Hi, -H=(%,HUMN) 
5(6) U Fale) = Fe) UO €€ NG 


where € € Hg and (Hi) C (¥, HU H1) is a Null hypersoft set, implies 
(%2, He) = (F, HU H1) is a bijective hypersoft set over LU. 


Definition 12. Let &, C Land (¥, 7) € Qgags. The operation of (¥, 7) restricted AND 
U1, denoted by (F, H) Ap Lh, is defined as 


LU {8(9) : 8) Ch}. 
oEH 
Example 3.5. Let U = {uz, U2, Us, ...., Ug} and Ly, => {uz, U2, U3, Us}. If (¥,H) € 
Opaxss with 
(8, H) — { (61, {u1, u2}) ’ (d2, {us, ua}) ’ (63, {us, ue}) ’ (64, {u7, ug}) } 
then 


(5,7) A Ya = {ur v2} U {us, us} = {ur to, us, ua} 
R 


Definition 13. Let {4 C Wand (3, H) € Qeuss. The operation of (F, 7) relaxed AND 
U,, denoted by (3, 71) Ap,; Lh, is defined as 


LU {8(6) : 5(d) 1h F OF. 
5EH 
Example 3.6. Let U = {u1, U2, Us, ...., Us} and Ll; = {u1, U2, us, Us}. If (¥,H) € 


Opaxss with 


(8, H) — { (61, {ur, us}) ) (da, {us, ur}) ) (63, {u2, ue}) ’ (64, {ua, Us }) } 
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then 
(5, H) i Lh = {u1, ug }U{us, uz }U{ue, ue }U{ua, Us } = {u1, U2, U3, U4, U5, U6, U7, ug} =u 
Rel 


Definition 14. If (5,7) € Qgnsgs then its boundary region with respect to 4 C YL, 
denoted by (%, H)., is defined as 


(8, He = («5.79 /\\ sn) A (Gas Ass) 
R 


Rel 


Example 3.7. Consider £{ and £; as in Example 3.6, we have 
(8, H) _ { (61, {ui}) ’ (d2, {us, ua}) ’ (63, {u2, ue }) 2 (64, {u7, Us }) } 


. Now 
(3, H) \ Uy = {ui} U {us, ua} U {u2, ue} = {u1, U2, Us, Ua, UG} 
Rel 
and 
(5, H) Ah = {ur} U {usg, us} = {ur, us, us} 
R 
therefore 


(8, H)e _ {ua, ue} 


Definition 15. If ($1,741), (82,H2) € Qeass with Hi, N He = ) then (¥1, H1) is said 
to depend on (¥2, H2) to a degree « € [0,1], denoted by (¥1,H1) > (82, Ha), if 


U {(81,7) Ar m0) 


dEH2 


& =T((81, 1), (82, H2)) = 


where | - | = cardinality of a set. 

Note: 
(i) If « = 1 then (1, 1) is full depended on (F2, H2). 
(ii) If « = 0 then (¥1, 711) is not depended on (F2, H2). 


|X| 


Example 3.8. Consider £ as in Example 3.6, we have 


_ Jf (61, {ur}) , (62, {us}) , (63, {ue}) , (64, {u7}) , 
(51,741) -{ (65, {us}) , (de, {us}) , (67, {u2}) » (6s, {ua}) \ 


and 


($2,H2) = { (do, {ur, w2}) , (O10, {u3, wa}) , (611, {u5}) , (dra, {u7,us}) } 
Now 


(51,71) [\82(50) = {ur} U {uo} = {u1, uo} 
R 


(¥1, 71) |\B2(610) = {ug} U {ua} = {us, ua} 
R 
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(51,1) A F2(b11) = {us} 


R 


(¥1, 71) |\B2(612) = {u7}U {us} = {uz, us} 
R 


therefore 
U {(®, 1) /\32(6)} = {ui, U2, U3, U4, U5, U7, ug} 
bEH2 R 
with 
7 
= ~ = 0.875 
ame 


Definition 16. Let (%, 7), (£,G) € Qgrss. The triple ((, 1), (£, G), L) is said to form 
a bijective hypersoft decision system over {, denoted by D gu, if 


(i) there exists a condition hypersoft set (§,H) = U (8:,H:) for all (%:,H:i) € 
i=l 
OBHss 
withH; NH; =0, iF J 
(ii) there exists a decision hypersoft set (£2, G) for which GN H; = 0. 


Example 3.9. Consider { as in Example 3.6, we have 
(1,1) = { (61, {ur}) , (2, {u2}) (63, {us}) } 
($2, He) = { (54, {ur, u2}) , (5s, (us, ua}) , (66, {us, ue}) } 
(33,Hs) = { (57, {ur, U2, us}) , (5s, (ua, Us, Us}) , (00, {u7,us}) } 


and 
(£,G) = { (b10, (ua, us, u5}) , (11, {u2, ua, ust) (O12, {ug, u7}) } 
therefore 
3 
Dey = (Ui, 2), (£,G), M0) 


Definition 17. The bijective hypersoft dependency between ($1, Hi) A\(®2, H2) A ---- A(®n; Hn) 
and (£,G) is called bijective hypersoft decision system dependency of Dy and defined 


by = (A i74).(,9)). 
Example 3.10. Considering the £{ from Example 3.6, Let we have 
($1, Hi) = { (br, {us, ua, ue }) , (62, {u2, us, u7}) } 
($2, H2) = { (53, {u1, us, Ue}) , (Sa, (ua, U7, us}) } 
($3,Hs) = { (55, {ur, ur, wat) , (56, (us, us, ue}) , (67, {u7,us}) } 
(£,G) = { (6s, (ur, Ua, Us, Ue}) , (9, {u2, Ug, U7, ug) } 
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then 


(8, H) = (81, H1) A(B2, He) As, Hs) = 


(€1 = (61, 63, 65), {u1}) , (€2 = (41, 63, 56), {ue}) , (Es = (61, 53, 57), B) 
(E4 = (01, 64, 05), {us}) 4 (€5 = (61, 64, 56), 9) 3 (€6 = (51, 64, 67), 0) 
(€7 => (62, 63, 55), 9) ; (Eg _ (62, 63, 06), {us}) 5 (E9 => (62, 63, 67), 0) 


(E10 = (52, 64, 65), 9) , (E11 = (52, 54, 56), 8) , (E12 = (62, 54, 57), {ur }) 
The tabular representation of (% 1,711) \(®2, H2) A(®s3, Hs) is depicted in TABLE 3. 


Now 
3 


(A (67) Aw(2.9)) = frst ts ust} 


i=l 


therefore 


K=T (Ai. (£.9)) = § = 0.625 


i= 


5 U6 


a 
wo 
w 
aw 
x 
ie) 


SoS OOo; ol o; oP ol oy oy; oy oj Ss 


Fe es Fe Re Fe Re 6S) ) 5) Ba 


Solo OHO, Oyo; Oo] ol} oy; oy; oy oj es 


Sol Oo Oo Oo, Ol Oo) CO] OR} CO] oOy; ols 


u 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 


R/O) Ol Oo} OOo} Oo; ao; oO] Oo] CO] OS 


Sol Ooo Oo, Oo; o; oO] Ol} oy oy} oy Oo] Ss 


pei peeh td pick oan ped ca peed 
io) 
S 


Oo 


0 
1 
0 
0 
0 
0 
0) 
0 
0 
0 
0) 
0) 
He 


TABLE 3. The table form 


° 


f ($1, H1) A(82, H2) A(Ss, Hs) 


Theorem 3.11. Let Dp x = ((¥,H), (£,9), 10), where (¥,H) = OU (Bi, Hi) and (i, Hi) € 


OQpHss- If = a) (A (i, Hi), (£.9)) and Kt = 7 (A (Sates (2.9) with m <n 
t=1 t=1 
then Kk, < kK. 


Proof. Suppose that ($8,C) = A\i_, (Bi, Hi), (3,K) = Az, (Bi, Hi) then we have 


UBC) An2e)] |, Y (BCa) Bla) ¢ £16) 


K=7 (Ais. r0.(2.)) a is] = [S| 


i=l 


UGK) Ar £6) 


m U a : 
Ki = 7 (Avs. 0.(2.9) = = || = a || 


7 
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From Definition 2.6, 


B(E1, €2,--5En) = F1(E1) NF 2(E2)N-- Fm (Em) ANF n (En), V(E1, £2; +) En) © Hix He KHn, 
S(E1, £2) +) Em) = B1(E1) NG2(E2)N--NFm(Em), V(E1, €2) Em) € Hi x Hex +++ xX Hm 


n>m 


and 


Therefore, 


Y (Aver 29) < kK. 


i=1 


Definition 18. Let Dg 7 = ((¥, H), (2,9), 41), where ($,H) = Oi, H;) and OG. Hi) C 
(3, H). If a) (A Si Fs (2.9)) = (A (Satta) (£, 3)) = « then U Gi, Hi) is 

i=l i=1 i= 
called a reduct of Dayz. 


Example 3.12. Considering the {& from Example 3.6 and sets from Example 3.10, let we 
have 


($1,Hi) = { (51, {ur, ws, ue}) , (52, {u2, us, u7}) } 
($2, H2) = { (53, {ur, us, ue}) , (54, {u4, uz, ust) } 
($3, Hs) = { (65, {u1, U2, u4s}) , (56, (us, Us, Ue}) , (67, {u7, us}) } 
(£,G) ={ (ds, (U1, Ua, Us, U6) , (59, {u2, Us, U7, Us) } 


then 


_ (e1 = (61, 6: ), {u1, u }), (ea= (01, 04), fu }), 
(51, 7s) G2, M2) = { ey (i) (uel Gis a) \ 3 


Now 

(A (694) Aw(2.9)) = frst, 5 Host} 

therefore 

K=T (A (8:i, Ha), (£.9)) = 3 = 0.625 which is same as of P (A (i, Hi), (2.9)) 
i=1 


t=1 
calculated in Example 3.10. Hence (%1, 1) U (®2, H2) is a reduct of Dey. 
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Definition 19. Let Day = (U i, H;), (£,G), WL). The significance of BHSS to decision 
hypersoft set, denoted A((;,7#;), Oi, H;), (£,G)), is defined as 


A((8j,H3), O (Bi, Hi), (£9) = & — P(B,C), (2,9), 
where (B,C) = jean Are C a j)- 


Example 3.13. Since from Example 3.10, we have 
3 

K=?- ( A (8, Hi), (£,9)) = 3 = 0.625 and 
i=1 


— (€1 a (6 x) ), {ur }), (€2 = (6 16 ),{u »U fara tee (6 £0 ), {h) 
(82, M2) A\(Bs. Ms) = { (p= Oi DA) es = Ge OG) ee Su) ua) 


Now 


3 
(A (694) Aw(E.9)) = {urs 5, 0,758) 
i=2 
therefore 
Tr (A (i, Hi), (£,9)) = £ = 0.75 hence 
i=2 

w3 2 
A((81, 741), U (i, Hi), (£,G)) =«-T (Aver 29) = 0.625—0.75 = —0.125 

ve i=2 
Definition 20. A BHSS (8,C) is said to be a core BHSS of D gy if it belongs to every 
reduct of Dg. 
Definition 21. Let Dp yz = ((¥,H), (2,9), 41), where ($, H) = OG: H;) and UG, Hi) C 
(¥, H) is a reduct of Dy. Let (B,C) = Aj, (Bi, Hi). We say 
oe) 
IZ(e;)| 
a decision rule induced by U i, Hi) where e; € C, L(e;) D Plex), e; € G and eel 


denotes the coverage proportion of rule. 


if e; then e; ( 


Example 3.14. Since from Example 3.12, we have 
(81, Hi) U (82, Hz) is areduct of Dg ry and 


_ (€1 = (61, 63), {u1, u }) , (€2 = (61, 64), {uw }), 
(51, Fa) Ba, M2) = { SS GLh) ia esos \. 


Now 


(i) If e, then dg 
(ii) If eg then dg 
(iii) If €3 then dg 
(iv) If €4 then d9 


2/4) 
1/4) 
1/4) 
1/4) 


re Nae OE ae 


\. 
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4. AN APPLICATION OF BIJECTIVE HYPERSOFT SET 


In this section, we present an application of bijective hypersoft set to establish decision 
rules which further help to have right decision regarding best selection of certain mate- 
rial/product. Suppose we have 16 kinds of laptops that form the universe of discourse 
U= {ly,le,..... , lig}. The most feasible laptop is expected to be selected by considering 
the attributes a; = Size, ag = Colour, a3 = Processor, ag = RAM and a; = Price. The 
attribute-valued sets corresponding to these attributes are: 

A = {small = a1, medium = az, large = az} 
B = {Silver = 21, Black = Bo} 

C = {2.60GHz =} 

D = {40GB = 61,5.0GB = 52} 

E = {normal = 1}. 

Now we construct hypersoft set (V, J) where 
J=AxBxCxDx€ 


hi = (01, 81,71, 61, €1), Ja = (011, B1, V1, 62, €1), 93 = (1, Ba, 71561, €1), 
ne ja = (01, 82,71) $2,€1),J5 = (a2, 81, 71,01, €1),J6 = (2, 61,91, 42, £1), 

j7 = (a2, G2, 71,61, €1),J8 = (2, G2, 71, 52, €1),J9 = (a3, G1, 71, 61, €1), 

fio = (a3, 81,71; 62, €1), Ji = (a3, G2, 11, 61, €1), fiz = (a3, B25 71, 62, €1) 


and 
(91, {hi, la, lo, tia, Lie }) , Ga, {h, le, U3, tio, Li2}) , a, {la, ls, la, lo, lig, lia}) , 
(ja, {la, ls, le, lio, lis, lie}) ’ (js, {l6, lz, lg, lio, le}) ’ (Je, {lo, ls, la, lz, lg }) ’ 
(UD) = 4 (iz, thls, ls, 6, ls, bio, bia, bia, lie}) . is, {le, Is, be, bz, Lo, daa, ls, tis}) , 
(Jo, {ls, l7, ls, 19,11, 113, l16}) , (G10, {l2, ba, lo, ls, l10, l12, lia}) , 


(ji, {ls, Is, U7, lo, ti }) , (fra, th, la, ly, Lio, bis, ie }) 


Now we propose an algorithm of bijective hypersoft sets to establish decision rules. 


ALGORITHM 
Step 1 Construct Dey = (U (,Vi); (£, J), W 
Step 2 Calculate &; = T ((Wi, Vi), (£, Z)) fort = 1,2,...,n 
Step 3 Calculatex =| A (W;,V;),(£,7) 
j=l 
Step 4 Find reduct bijective hypersoft sets w.r.t. Dp x 
Step 5 Determine decision rules 


[descriptive diagram] Step 1,Construct Dey = (OM, Vi), (£, J), 0), Step 2, 


Calculate «; =I ((Wi, Vi), (£, Z)), Step 3, Calculate =T'{ /\ (W;,V;), (£, n) ; 
j=l 


Step 4, Find reduct bijective hypersoft sets w.r.t. Dg, Step 5, Determine decision rules 
Step 1 
Let we have bijective hypersoft sets 


(Wi, Vi) = { (it, fh, la, lo }) 5 a, {lo ts, bf) } 
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(W2, V2) = { (is, {li 1s, l6}) , (ja; {l4,l7,18}) } 
(Ws, V3) = { (is, {I la, la}) , (Jo: {35 15, %6}) s (7, {I7,I}) } 
(£,7) = { (is, {li la, ls, le}) , (Jo, {l2, 13, 17,18}) } 
which form Dgy = (UM); (£, 7), and V;, 7 C J. 
Step 2 


Since 


_ Jf Gi= Gigs) th te}), (Co = Gis ga) {a}, 
(iV) Aas V2) = { Cee er ORC Ainss \ 


and 


(W2, V2) \(Ws, V3) = = 


{ (33,95), {la}) , (96 = (3, 36), {ls, le}) , (7 = (93,57), 9) \ 
(Ja, 55), {la}) , (99 = (Ja, 56), 9) , (P10 = (Jas 97), {l7, ba }) 
and 
{ (911 = (1,35), {h1, la}) , (12 = (91, 56), {te }) , (P13 = (91,57), 9) \ 
(O14 = (Je, 5), {l2}) (15 = (J2, 56), {l5}) , (P16 = (2,57), {l7}) 


Now 

ky =T ((Wi, Vi), (2,7) = 3 = 0.1875 

Ko =T (We, V2), (£, 7)) = # = 0.1875 

kg =T ((W3, V3), (£,7)) = % = 0.125 

ka =T ((Wi, Vi) A(W2, V2), (2, 7)) = % = 0.3125 
ks = T ((We, Vo) AW, V3), (£,.7)) = 7g = 0.375 
ke =U ((W1, Vi) AQ, Va), (£,.7)) = 7 = 0.375 
Step 3 


(m = (j1, 93,35), {1 }) ,(n2 = (j1,53,J6), {le}) , (n3 = (f1,j3,9 i7), 0) 
(na = (15 Jay Is), {la}) (5 = (j1, 34, Je), 9) ) (ne = 3 (j1, 4,57); 0) 
(n7 = (J2,53,55),9) , (ms = (Ja, 53,56), {ls}) . (M9 = (J2, Js, 57), 9) 
(m0 = (32,54, 55),9) , (m1 = (J2, 34,56), 9) (m2 = (2, 54,57), {l7}) 

therefore 

ear A (Wi, Vi); (2) = 2% = 0.3125 

Step 4 - 

As 


3 
i=l 

therefore (W1, Vi) U (We, V2) is a reduct of Dex. 
Step 5 
Since (W1, V1) U (W2, V2) is a reduct of Dy therefore we have the following decision 
rules w.r.t. Dax 

(i) If 0, then jg (2/4) 

(ii) If 2 then jg(1/4) 
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(iii) 
(iv) 


If 03 then jg(1/4) 
If 64 then jo9(1/4) 


Hence we have two elements 7g and 79 in our decision set and jg is more preferable than 
jg in this set for further evaluation. 


4.1. Comparative study. In this subsection, we compare our propose structure with the 
existing studies. 


Authors Structures 


H. Kamaci et al. [9] 


theory 


Bijective soft matrix 


Remarks 


Single set of attribute is 
employed to develop deci- 
sion system via bijection 
on matrix theory 
Multi-bijective linguistic 
soft decision system is 
established 


Gong et al. [7] 


The bijective soft set 


Single set of attribute is 
employed to develop deci- 
sion system 


Proposed structure 


Bijective 
set 


Attributes are further 
classified into disjoint 
attribute-valued sets 
Decision system is de- 
veloped via employment 
of multi-argument approx- 
imate functions. 


5. CONCLUSION 


In this study, the concept of bijective hypersoft set is developed and its some set aggrega- 
tion operations such as restricted-AND and relaxed-AND, are discussed. Decision making 
algorithm and its application are discussed with the support of new proposed operations 
of bijective hypersoft set like dependency, decision system, significance of decision sys- 
tem, reduced decision system and decision rules in decision system. In order to adequate 
the existing soft-like structures for multi-argument functions, future work may include the 


hybridized study of proposed work with the following structures: 


Fuzzy Set 

Intuitionistic Fuzzy Set 
Interval-Valued Fuzzy Set 
Pythagorean Fuzzy Set 
q-rung Orthopair Fuzzy Set 
Rough Set 
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e Complex Set 
e Neutrosophic Set etc. 


and their applications in decision making. 
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